Background: In Denmark, the human papillomavirus (HPV) vaccines have been suspected of adverse events since 2014. However, as no causal associations between the HPV vaccines and numerous diseases have been demonstrated, factors prior to vaccination may influence the risk of suspecting the HPV vaccines of causing symptoms. We studied the associations between individual and parental socioeconomic characteristics and the risk of referral to a diagnostic centre in a female population aged 11-29 years with a first HPV vaccination in January 2008 to June 2015. Methods: Individual and parental data from national registries were linked using the unique personal identification number. Logistic regression analyses were used to estimate crude and adjusted odds ratio's according to each individual and parental socioeconomic factor with two-sided 95% 95% CI. Results: The cohort consisted of 453 216 individuals of which 1316 (0.29%) were referred to a diagnostic centre in 2015. Having a mother outside the workforce or an unemployed mother was associated with an increased risk of referral, while girls and women who had fathers with a higher educational level were less likely to be referred. In addition, women aged 20-29 years who were unemployed or outside the workforce prior to vaccination had increased odds of being referred to a diagnostic centre. Conclusion: We found social inequality in the referral to a diagnostic centre following HPV vaccination. This might be explained by an increased morbidity in girls and women of lower socioeconomic status. In addition, catch-up programmes have been offered to increase coverage rates. To date, more than 600 000 individuals have been vaccinated against HPV, primarily with the quadrivalent vaccine.
Pre-and post-licensure efficacy studies have demonstrated high protection against HPV infection and dysplasia, [1] [2] [3] while safety studies show no increased risk of chronic fatigue syndrome, autoimmune, neurological or venous thromboembolic adverse events following HPV vaccination in adolescent girls or adult women.
4-7 However, by 2016, more than 2300 adverse events have been reported to the Danish Medicines Agency as suspected adverse events to the HPV vaccines. 8 Of these, 1023 were considered serious adverse events resulting in hospitalisation, missing school or work or death. 8 Common symptoms reported were headache, fatigue, dizziness, syncope and nausea, whereas other reports included diagnoses such as postural orthostatic tachycardia syndrome and complex regional pain syndrome. 9 As a response to the public debate about the serious adverse events following HPV vaccination, a diagnostic centre in each Danish region was tasked to further examine girls and women presenting with unexplained symptoms with a temporal association to HPV vaccination. Referral to the centres began in 2015 and the main task at the centres is to examine the referred females through a bio-psycho-social perspective to recommend further treatment and rehabilitation.
Despite several studies showing no causal link between the vaccines and various diseases, the debate about the vaccines' safety is ongoing. Studies have shown that women reporting symptoms to the Danish Medicines Agency and women referred to the diagnostic centres had a different health care seeking behaviour and use of psychiatric medicines prior to vaccination compared with other HPV-vaccinated women. 10, 11 Hence, factors prior to vaccination may be important for suspecting the HPV vaccines of causing the reported symptoms. So far, little attention has been paid to the sociodemographic background of the referred girls and young women and whether this background is associated with the risk of being referred. Therefore, the aim of this study was to examine the association between individual and parental demographic and socioeconomic characteristics and referral to a diagnostic centre due to suspected adverse events following HPV vaccination.
Methods
The study was conducted as a registry-based cohort study. People living in Denmark have a unique personal identification number (PIN), enabling linkage between national health and demographic databases. Using the PINs as identifiers, we identified all girls and women aged 11-to 29-years old residing in Denmark and having a first HPV vaccine injection (Gardasil or Cervarix) in the period January 2008 to June 2015. Girls and women vaccinated in the childhood vaccination programme or in the catch-up programmes were identified in the National Health Insurance Register with a service code registration (service codes 8328, 8329, 8330, 8334, 8335 or 8336), while women who redeemed a prescription for the vaccines were identified in the Register of Medicinal Product Statistics (Anatomic Therapeutic Chemical code J07BM).
The PINs enabled linkage to the parents and the cohort was linked to Statistics Denmark's population-based databases, containing information on residence and individual and parental socioeconomic factors.
12 Girls and women who had missing information on residence, individual or parental socioeconomic factors were excluded from the study cohort.
Participant informed consent was not required. The Danish Data Protection Agency (journal number 2015-57-0002) and the Danish Patient Safety Authority approved the study.
Study variables
The outcome of interest was referral to a diagnostic centre between January-December 2015 because of suspected adverse events following HPV vaccination. PINs of referred women were obtained from each diagnostic centre and linked to the study population to confirm vaccination.
The exposures of interest were parental level of education and occupational status. Information on each socioeconomic factor was obtained the year prior to vaccination and when information on educational level or occupational status was missing, data was instead obtained two years prior to vaccination. Parental level of education was split into five groups based on DISCED-15 13 ; Early childhood education, primary education or lower secondary education (DISCED levels 05, 10 and 20), upper secondary education (DISCED level 30), short cycle tertiary education (DISCED level 50), short cycle tertiary education, bachelor or equivalent (DISCED level 60), and master's or equivalent, or third-cycle programmes doctoral, PhD programmes or equivalent (DISCED levels 70 and 80).
Occupational status of each parent was divided into three groups; employed, self-employed or student, unemployed (e.g. receiving unemployment benefit, sickness benefit, social assistance or education allowance), or outside the workforce (e.g. old-age pension, early retirement pension and disability pension).
Furthermore, educational level (primary or lower secondary education, upper secondary or high school or higher education) and occupational status (employed, student or outside the workforce including unemployed women) for the vaccinated females aged 20-29 years were studied.
Covariates included year of vaccination (2008-09, 2010-11, 2012-13 or 2014-15), age at vaccination (continuously) and place of residence at the time of vaccination.
Statistical analyses
Characteristics for the study population on exposures and covariates were summarized using numbers and percentages. The association between socioeconomic characteristics and risk of referral to a diagnostic centre was estimated in a logistic model. First, crude associations of each parental socioeconomic characteristic were estimated (model 1), followed by a model adjusted for covariates (model 2). Finally, in model 3, each exposure was mutually adjusted for the other potential socioeconomic confounders. Odds ratios (OR) and the corresponding 95% CI were determined. Potential modification by age was assessed by including interaction between age and each parental socioeconomic factor. As no interaction between age and the socioeconomic factors was found [P-values ranging 0.13-0.96 (model 2)], the results are not presented further. A subanalysis of the women aged 20-29 years was performed, evaluating the associations between the vaccinated women's own socioeconomic characteristics and the risk of referral to a diagnostic centre.
Results
During the study period, we identified 527 939 records of a first HPV vaccination in females aged 11-29. After individuals with missing information on sociodemographic variables were excluded, the study cohort consisted of the remaining 453 216 individuals (figure 1). By the end of 2015, 1420 of the included females had been referred to a diagnostic centre on suspected adverse events of the vaccine. Among the women who were referred, 104 individuals were excluded because they did not have a registered vaccination according to our data. The remaining 1316 referred women Characteristics of the vaccinated girls and women are presented in table 1. The majority of women had a working parent or a parent whose highest completed education was primary or secondary school or vocational training. In addition, the majority of women were vaccinated in 2008-09 and 2012-13 at the age of 11-19 years and resided primarily in the Capital region. This corresponds to the age group covered under the childhood vaccination programme and the years and age groups in which the catch-up programmes were in place. Table 2 shows the results of the multivariate logistic regression analyses of the associations between parental socioeconomic status (SES) and the risk of referral to a diagnostic centre. All three models showed a social gradient in risk of referral according to one or more of the socioeconomic variables. Thus, the odds of referral to a diagnostic centre was lower among girls in highly educated or employed families compared to girls in families of lower SES. When adjusting for the other socioeconomic factors and covariates, most associations were attenuated. Girls and women who had a mother with a master's degree or a father with a bachelor's or master's degree were less likely to be referred to a diagnostic centre (OR= 0.73; 95% CI 0.53-1.00, OR = 0.76; 95% CI 0.61-0.95 and OR = 0.72; 95% CI 0.55-0.94, respectively). Girls and women who had unemployed mothers or mothers outside the workforce were more likely to be referred to a diagnostic centre (OR = 1.21; 95% CI 1.02-1.43 and OR = 1.59; 95% CI 1.28-1.96, respectively).
Additionally, women aged 20-29 years were slightly less likely to be referred compared to girls aged [11] [12] [13] [14] [15] [16] [17] [18] [19] In table 3, the results of the subgroup analyses including only women between 20 and 29 years at the time of vaccination are presented. Among women who had finished secondary school or higher-level education, we found a lower risk of referral compared with women whose highest completed education was primary school, although the association was not statistically significant. An increased risk of referral was also seen among women who were outside the workforce or unemployed at the time of vaccination (OR = 1.93; 95% CI 1.39-2.68). The association persisted after adjustment for covariates and parental SES.
Discussion
The study found that only 0.29% of girls and women aged 11-29 years who had a first HPV vaccination from January 2008 to June 2015 were referred to a diagnostic centre during 2015. Referral was more likely in girls and women who had a parent with lower levels of education, an unemployed mother or a mother outside the workforce. In addition, among women aged 20-29 years, an Figure 1 Flow chart for study participants a: The numbers are not mutually exclusive inverse gradient in the risk of referral was observed according to educational level, although the associations were not statistically significant. This study adds to the limited knowledge about the women reporting adverse events following HPV vaccination. Danish females referred to a diagnostic centre or reporting severe adverse events following HPV vaccination are shown to have had a higher pre-vaccination use of psychiatric medicine and more contact to health care compared with other HPV vaccination females. 10, 11 Combined, the results of these studies suggest that factors prior to vaccination are associated with the risk of reporting suspected adverse events.
Since March 2016 when we received data on referrals, the number of referred girls and women has increased. The latest official update on the number of referred women show that as of 1 March 2017, 2129 girls and women have been referred to a diagnostic centre. 14 At present, we do not know if the referred females included in this study are representative of all referred cases. Referral rates to the diagnostics centres have declined in 2016 and 2017, possibly because of fewer vaccinated girls.
14 Also the distribution of the investigated exposures may have changed.
Possible explanations for the findings
The results show that low levels of parental education and maternal unemployment as well as unemployment in women aged 20-29 years were significantly associated with an increased risk of being referred to a diagnostic centre. These associations can potentially be partly explained by an easier access to specialist health care among girls and women from socioeconomic advantaged families. 15 The risk of referral and thus the risk of experiencing possible adverse events following vaccination may also be caused by an underlying difference in the risk of morbidity between girls of low SES and girls of high SES. As in the adult population, adolescents of low SES are disproportionally affected by diseases and engaged in negative health behaviours. [16] [17] [18] The results by Lützen et al. 11 and Mølbak et al. 10 showing higher use of some health care services prior to vaccination in females referred to a diagnostic centre and in females reporting symptoms to the Danish Medicines Agency may suggest an increased morbidity prior to vaccination in the referred women.
Methodological considerations
A strength of the study is the prospective study design and the use of nationwide registers, which eliminates the risk of recall bias. Estimates highlighted in bold have P-values <0.05. OR, odds ratio. CI, confidence interval. a: Adjusted for year of vaccination, residence and age using a logistic regression model. b: Adjusted for year of vaccination, residence, age and parental socioeconomic factors using a logistic regression model. Furthermore, the data obtained from the registers were considered to be of high quality. [19] [20] [21] [22] A total of 527 939 women met the inclusion criteria, of which 74 723 were excluded due to missing sociodemographic information. The excluded individuals comprised 14% of the total study population and were primarily aged 20-29 years, lived in the Capital region and were vaccinated in 2012/13. Missing information occurred primarily because linkage to the parents was not obtained.
Our study also has some limitations. General practitioners are reimbursed by registering their activities at the National Health Services, leaving severe underreporting of girls covered under the childhood vaccination programme or one of the catch-up programmes unlikely. Missing information on vaccinations given to older girls is more likely, as women vaccinated in other settings, such as fitness centres and drugstores, were not included in the study cohort. Given that the vaccine was free of charge, the missing information is not expected to cause selection bias. Among the 1420 referred to a diagnostic centre in 2015, 104 referred women were excluded due to missing registration on vaccination. Register errors are likely the reason for missing vaccination registration and since this is rare and unrelated to both exposures and later referral, this missing registration is not considered to have caused selection bias.
Mortality rates are low in the studied age groups, 23 but 3-5% of 20-to 29-year olds yearly move to another country. 23 As relocation may be more likely in women not experiencing adverse events and who have the financial resources to complete such a move, the effect of occupational status of the vaccinated women on the risk of referral could be underestimated.
Additionally, we used highest complete education at vaccination as an indicator of SES of the vaccinated women; however, because this measure is correlated with age, some women may have completed additional degrees the years following vaccination. Adjustment for age did, however, not change the associations between educational level and risk of referral.
In conclusion, in this nationwide population-based cohort study, we found that being referred to a diagnostic centre due to suspected adverse events following HPV vaccination was associated with having a mother who was unemployed or outside the workforce and low levels of parental education prior to vaccination. Moreover, referrals were associated with unemployment among young adult women the year prior to vaccination. These associations may partly be caused by an increased morbidity prior to vaccination in females of low SES. However, other studies are needed to explain the causal mechanisms between individual and parental SES and risk of referral.
